A mycoplasma designated strain GM790A was isolated from milk and internal organs of 2 lactating goats showing mastitis and arthritis. The isolate was not related serologically to any of the currently known ovine-caprine mycoplasmas, except an isolate designated Mycoplasma sp. G, first recorded from the external ear canal of clinically normal goats in Australia. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and restriction enzyme DNA studies of strain GM790A and Mycoplasma sp. G revealed similar but not identical patterns. The inoculation of strain GM790A into the teat canal of 2 lactating goats resulted in an abrupt diminution of lactation leading to mastitis and agalactia in about 3 days. A maximum of 1 x 10 7 colonyforming units (CFU) of the mycoplasma were shed per ml of mammary secretion. Milk production partially resumed at a low level 3 weeks postinoculation, the longest period tested, but the milk still contained 1 x 10 2 CFU of the agent. The results of this study indicate that strain GM790A possesses pathogenic potential for the goat and most probably represents a new species of the genus Mycoplasma. From the Departments of Epidemiology and Preventive Medicine (DaMassa, Nascimento, Yamamoto) and Medicine (Brooks), University of California, Davis, CA 95616, and Department of Pathobiology U-89, University of Connecticut, Storrs, CT 06269 (Khan).
Several mycoplasma species are known to cause dis-and sheep can also be caused by M. caprico1um 4,28 and ease in the goat. Among the more important of these M. capricolum-like mycoplasma. 13 Upon parenteral agents is an unspeciated mycoplasma designated My-inoculation, M. capricolum can also cause high morcoplasma sp. F38. 23, 24 Mycoplasma sp. F38 has now bidity and mortality in pigs. 3 been recorded from many countries and is most prob-Mycoplasma putrefaciens, previously considered to ably the true cause of contagious caprine pleuropneucause only mastitis, was recently incriminated in a semonia (CCPP). This mycoplasma is closely related to vere outbreak of mastitis and arthritis/polyarthritis that the type strain of Mycoplasma capricolum, with which required the destruction of a herd of 700 goats. 12 it shares a DNA homology of about 80%. 2 Mycoplasma Mycoplasma agalactiae, long considered the cause sp. F38 causes a disease condition in which the primary of a disease described under the prevalent but unforlesions are confined to the thorax. In contrast to other tunate term contagious agalactia of sheep and goats, caprine mycoplasmas, this agent is reported to be highcontinues to be an important agent of caprine and ovine ly contagious among mature goats. Morbidity and mastitis, arthritis, and conjunctivitis in many areas of mortality can assume epidemic proportions. the world. 5 Other important mycoplasmas causing disease in the Mycoplasma mycoides subsp. capri, also a reported goat are the caprine or large colony types of Myco-cause of mastitis and polyarthritis in goats, was conplasma mycoides subsp. mycoides 9,14 and other serologsidered for many years to be the primary cause of ically related types of M. mycoides from goats, 25 which CCPP, a disease now believed to be caused by Mycause a variety of disease manifestations including arcoplasma sp. F38. 5 Mycoplasma mycoides subsp. capri thritis/polyarthritis, conjunctivitis, mastitis, septiceis now thought to be a rare mycoplasma, as attested mia, and an interstitial pneumonia, 10,11 although in to by its infrequency of isolation. some instances a condition resembling CCPP can oc-Other important pathogenic mycoplasmas of the goat cur. 22 Disease outbreaks caused by M. mycoides subsp. include M. conjunctivae and Acholeplasma oculi, which mycoides in new kid crops with a morbidity and morcause caprine and ovine conjunctivitis or keratocontality of 90% have been reported. 9 junctivitis . 5 Finally, M. ovipneumoniae, long thought Arthritis and mastitis as the primary lesions in goats to be an ovine pathogen, is now considered to have possible pathogenicity for the goat, 17 although the evidence is not yet conclusive.
which appears to represent a serologic type not previously encountered from a diseased state in goats.
Materials and methods
History. Two high-producing lactating does from the same herd (ages unknown) showed a severe curtailment of milk production. In doe A, a temperature of 41 C was measured 2 wk after freshening. The owner administered penicillin (number of applications and dosages unavailable), but noted no improvement. Approximately 10 days later a pronounced limping began, which in about 7 days progressed to a painful arthritis involving primarily the stifle, hock, and carpal joints. Tylosin a was administered by the owner (number of applications and dosages unavailable), and the doe showed dramatic improvement of arthritis. Upon necropsy no significant gross or histopathologic lesions were observed. In particular, sections of synovium from the joints were unremarkable. Lung and spleen were culturally positive for Mycoplasma sp. GM790A, but no mycoplasma organisms were recovered from the milk, stifle, hock, or carpal joints.
In doe B, a severe curtailment of milk production was noted about 5 wk after freshening. The right mammary gland in particular appeared to be affected, but the milk appeared grossly normal. Bacteriologic evaluation of the milk was not conducted. The owner administered tylosin (dosages and number of applications unavailable), but milk production continued to decline. At necropsy, the right udder was enlarged and firmer than normal and contained enlarged, draining lymph nodes. In the respiratory tract there was a mild degree of atelectasis in the ventral lung lobes, and a focal abscess of a tracheobronchial lymph node was noted. Histologic lesions were confined to the right mammary gland. There was severe, chronic mastitis in which the interstitium was focally infiltrated with mononuclear inflammatory cells. Within the mammary alveoli there was widespread neutrophilic exudation. Milk from the right udder contained 1 x 10 4 colony-forming units (CFU) of mycoplasma/ml. No mycoplasma organisms were cultured from milk taken from the left mammary gland, lung, spleen, carpal, or hock joints.
The mycoplasmas recovered from does A and B were serologically similar by growth inhibition and immunofluorescent studies. The isolate recovered from the spleen of goat A was designated Mycoplasma sp. GM790A (hereinafter referred to as strain GM790A) and chosen as the representative isolate for further characterization.
Bacteriology. Liquid and solid mycoplasma media B 15 with and without penicillin G potassium (1,000 IU/ml) and thallous acetate (1:4,000 final concentration) were used. Strain GM790A was passaged a total of 10 consecutive times on solid mycoplasma media B devoid of bacterial inhibitors and subsequently filter-cloned 5 times through 300-nm filters. 29 Tests used for demonstrating glucose fermentation and arginine hydrolysis have been described previously. 1 An indirect test for sterol dependency using digitonin-impregnated discs was used. 16 Phosphatase activity was determined according to the method of Cottew. 6 Growth on blood agar was assessed using Tryptose Blood Agar Base b supplemented with 5% defibrinated ovine blood.
Antisera preparation. Antisera to most of the ovine-cap- rine mycoplasma listed in Table 1 were prepared in rabbits according to a procedure described elsewhere. 27 Antisera to mycoplasma species considered exotic to the United States, i.e., M. myoides subsp. mycoides (strain PG1), M. mycoides subsp. capri, and Mycoplasma sp. F38, were obtained from the sources listed in Table 1 . Included in the study was antiserum to a caprine or large colony strain of M. mycoides subsp. mycoides (strain GM12). Serologic studies. Strain GM790A was compared serologically to all the mycoplasmas listed in Table 1 , which represent all of the currently known members of the genus Mycoplasma from goats and sheep. The methods used to compare strain GM790A serologically with antisera to other ovinecaprine mycoplasma were ( 1) indirect immunoperoxidase, 18 (2) an agar-well growth-inhibition procedure, 10 and (3) direct or indirect immunofluorescence 26 (Table 2) . Included in this study were comparisons to Australian isolates Mycoplasma spp. G, U, and V, c recovered from the external ear canals of clinically normal goats, 7 and their serologic US counterparts, namely, mycoplasma strains GM274B, GM623, and GM257A, respectively, which have been isolated and serologically identified in this laboratory. Isolate 3306, d21 a representative of the 2D-like mycoplasma group, was also compared. Restriction enzyme DNA analysis. Genomic DNA extraction, cleavage with restriction enzymes, and agarose gel electrophoresis of strain GM790A and Mycoplasma sp. G were conducted according to procedures described elsewhere. 20 Restriction enzymes BamHI, BglII, and EcoR I e were used at concentrations of 4 units/µg of DNA in a volume of 80 µ1, then incubated in a water bath at 37 C for 2 hr prior to electrophoresis. A lambda-HindIII-cleaved DNA was used as a molecular weight marker." Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). One-dimensional SDS-PAGE using 10% polyacrylamide was conducted as previously described. 19 A low range SDS-PAGE molecular weight protein standard f was used as a reference marker.
Goat inoculation. Two lactating pygmy goats from the animal resources herd at the University of California at Davis without prior history of mycoplasma exposure were used. Both were inoculated in each teat with 1 ml pasteurized goat milk containing 1 x 10 4 CPU of mycoplasma strain GM790A. Temperature was taken daily and milk was cultured and enumerated for mycoplasma every 2 days for 3 wk. Blood was cultured 3 times weekly for mycoplasma by inoculating a 3-ml heparinized blood sample into 15 ml liquid medium B, then plated onto solid mycoplasma media B following an incubation period of 3 days at 37 C.
Results
Bacteriology. Strain GM790A grew on mycoplasma medium B forming colonies with a "fried-egg" appearance. On ovine blood agar, growth occurred in 48-72 hours producing colonies l-2 mm in diameter that were surrounded by a zone of viridans hemolysis. No reversion to bacterial forms was noticed after 10 consecutive passages on solid media B devoid of bacterial inhibitors.
Arginine was hydrolyzed rapidly and glucose was fermented slowly. The organism was inhibited by dig- Figure 1 . Restriction enzyme profiles of the DNA of mycoplasma strain GM790A (lanes 1, 3, 5, and 7) and Mycoplasma sp. G (lanes 2, 4, 6, and 8). I, nondigested DNA; II, Bam HI-digested DNA, III, BglII-digested DNA, IV, Eco RI-digested DNA.
itonin, indicating that it belonged to the genus Mycoplasma. Neither phosphatase activity nor "film and spot" production were demonstrable.
Serologic studies. Strain GM790A reacted serologitally only with antisera to strains GM790A, GM274B, and Mycoplasma sp. G (Table 2) .
Goat inoculation. In both inoculated goats there was an abrupt drop in milk production leading to mastitis and agalactia within 3 days. Beginning 24 hours after inoculation, the milk became thickened and rubbery and then assumed the consistency of cottage cheese. The number of mycoplasma/ml of mammary secretion reached a peak titer of 1 x 10 7 CFU/ml about 7 days postinoculation. Mycoplasma persisted in the milk for 3 weeks after inoculation, the longest period of observation. At that time the milk had regained normal color and consistency but still yielded 1 x 10 2 C F U of mycoplasma/ml. Production remained at a low lev- el. No mycoplasma organisms were culturable from the blood during the course of the study. Other than mastitis, no abnormal clinical signs were noted, and body temperature remained within normal limits.
Restriction-enzyme analysis. Of interest was the presence of 5 distinct bands in the uncleaved DNA of Mycoplasma sp. G, which may represent extrachromosomal DNA of plasmid origin. The results of restriction enzyme analysis using Bam HI, B g lII, and EcoRI disclosed major differences between strains GM790A and Mycoplasma sp. G (Fig. 1) . However, upon close scrutiny the patterns did appear similar if the cleaved bands representing the extrachromosomal DNA of Mycoplasma sp. G were omitted.
SDS-PAGE.
In general, similar patterns were obtained, although some differences in protein profiles were observed between the 2 strains (Fig. 2) . In particular, a band unique for strain G was present between the 31-and 43-kd levels and 1 unique band for strain GM790A was present just below the 31-kd level.
Discussion
This study demonstrated that strain GM790A was biochemically and serologically similar to an Australian isolate designated Mycoplasma sp. G, which is commonly found in the external ear of goats. 7 The SDS-PAGE protein profiles of strains GM790A and Mycoplasma sp. G were also strikingly similar. However, when cleaved with restriction enzymes BamHI, BglII, or Eco RI, the DNA profiles of these 2 strains were quite dissimilar, presumably due to the presence of extrachromosomal DNA in Mycoplasma sp. G. If the cleaved bands from the extrachromosomal DNA of Mycoplasma sp. G were excluded, however, the profiles of the 2 mycoplasmas did appear similar. It is possible that the extrachromosomal DNA in Mycoplasma sp. G was of plasmid origin as described for some other mycoplasmas of goat origin.
Mycoplasma sp. G has been isolated frequently from the external ear and occasionally from the middle ear in many normal goat herds. 7 On at least 1 occasion this organism was isolated from a retropharyngeal lymph node. In our laboratory, isolates serologically indistinguishable from strain GM790A (represented by strain GM274B, Table 1 ) have also been commonly isolated from the external ears and occasionally from the nares of normal goats (DaMassa AI, unpublished data). The reason for the presence of this mycoplasma in the external ears of goats is unknown, although the seeding of this anatomical site by ear mites has been suggested. 7, 8 The present study is the first report of the isolation of this species of mycoplasma from a disease process in goats showing signs of mastitis and arthritis. The organism was isolated from the milk of a doe with mastitis and from the spleen and lung of a second doe showing no gross or histologic lesions in those organs. A true assessment of the disease process was not possible, however, because the goats had been treated with an antimycoplasmacidal drug. a Experimentally, strain GM790A induced clinical mastitis leading to an agalactia of about 3 weeks' duration, the longest period tested, but other clinical or pathological signs were not observed. Pyrexia and arthritis were not observed, as was the case for the natural disease.
In conclusion, the results suggest that an additional unnamed mycoplasma species, represented by strain GM790A, which is commonly found in the external 
